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atmospheric  air  pollution  with  radioactive  substances 
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tated  with  the  rain  water,  and,  on  the 

fine  dust  formed  after  an  explosion  of  a  small  bomb  is  pre¬ 
cipitated  by  rains  within  22  days;  but  in  the  explosion  of 
thermonuclear  bombs  with  the  equivalent  of  several  million 
tons  of  trlhltrotoluol,  whose  cloud  reaches  a  5®^Sht  oi 
30,000  meters,  the  radioactive  dust  is  retained  in  the  air 
for  several  years,  and  during  a  year,  10  to  20  percent  of 
the  dust  formed  precipitates.  The  character  of  local 
cipitatlon  of  the  radioactive  dust  depends  on  a  number  of 
factors  of  which  the  Important  ones  are;  the  distribution 
of  particles  in  the  explosion  cloud  according  to  their 
size,  and  the  metereologlcal  conditions.  The  most  Import¬ 
ant  metereologlcal  factors  are  the  direction  and  force  o 
the  prevalent  winds. 

According  to  the  Japanese  data,  particles  of  dust 
larger  than  0.1  mm  which  had  formed  during  the  Bikini  ©x- 
ploslon  on  1  March  195^  spread  at  a  distance  of  225  to  ^th 
the  wind,  and  65  to  against  the  wind.  The  finer  dust  with 
particles  of  O.05  ram  size  spread  with  the  wind  to  a  dis¬ 
tance  of  1000  to.  The  dust  precipitation  following  a  ther¬ 
monuclear  explosion  may  occur  at  longer  distances  --  over 
9600  to  (remote  precipitations),  and  its  distribution  over 
the  earth’s  surface  is  determined  by  the  total  wind  sn 
^iy-layer  within  the  altitude  limits  of  1,000  to  30,000  ra. 

Cronklte,  et  al  describe  the  damaging  effect  of 
radioactive  dust  which  fell  out  after  the  explosion  of  1 
March  1954  in  the  region  of  Marshall  Islands.  Twenty- 
eight  American  service  men  and  239  inhabitants  of  the 
islands  were  subjected  to  the  effect  of  radioactive  dust. 
The  irradiation  doses  which  they  received  were  within  the 
limits  of  15  to  175  r.  Of  Marshall  Islands  residents,  54 
received  an  irradiation  dose  equal  to  175^.  No  fatal 
cases  were  observed;  however,  within  two  weeks  following 
irradiation  in  90  percent  of  the  Injured  individuals,  af¬ 
fections  of  the  skin  and  the  falling  out  of  hair  were  ob- 

*The  radioactive  dust  precipitation  from  the  atmos¬ 
phere  as  a  result  of  natural  sedimentation  processes,  as 
well  as  with  rains,  snow,  etc.,  leads  to 

of  radioactive  substances  on  the  surface  of  the  earth.  Tne 
intensity  of  soil  contamination  with  fission  products,  with 
radioactive  elements  in  particular,  not  found  among  the 

Tniphe  wind  direction  in  the  stratosphere  is  predominantly 
to  the  east  and  west;  in  the  so-called  stream  currents  the 
wind  velocity  reaches  320  to  per  hour . 


2 


natural  radioactive  elements  of  the  terrestrial  core,  for 
example  Sr90,  can  be  used  to  Indicate  the  degree  of  air 
pollution  and  the  Intensity  of  precipitation  of  radioactive 
products  of  atomic  explosions. 

The  study  of  Sr 90  accumulation  on  the  earth's  sur¬ 
face  presents  tha  more  Interest  because,  with  Its  long 
half-life  ^29.3^1.6  years  (M.  P.  Anikina,  et  al.JJ^  It 
accumulates  In  the  bone  tissues  and  exerts  an  Injurious 
effect  on  the  human  organism  even  In  comparatively  small 
concentrations.  The  emission  of  Sr 90  in  fission  reaction 
represents,  according  to  the  data  of  K.  K.  Agllntsev,  etc., 
5,8  percent,  and  Its  percentage  content  In  the  fission  pro¬ 
ducts  Increases  rapidly  due  to  Its  long  half-life. 

Elsenbud  and  Harley  cite  the  data  of  contamination 
of  the  earth  surface  with  Sr°®  and  the  doses  of  gamma-radl- 
atlon  from  the  total  of  fission  products.  In  proportion  to 
the  general  quantity  of  these  products  which  had  been  pre¬ 
cipitated  up  to  1  Janxiary  1956  In  various  regions  of  the 
terrestrial  globe.  The  highest  flgxxres  of  accumulation 
of  the  total  fission  products,  the  contamination  of  the 
earth's  sxirface  with  Sr90,  and  the  doses  of  gamma-radlat- 
lon  from  the  total  fission  production  are  noted  In  the 
firing  test  grounds  In  Nevada  and  the  Pacific  Ocean.  In 
Salt  Lake  City  (the  state  of  Utah,  USA)  the  total  precipi¬ 
tation  of  fission  products  reaches  680  mlcrocuries/ml^v*), 
Sr90  represents  23  mc/ml2,  and  the  gamma-radiation  dose 
from  fission  products  —  l60  mrad.  High  figures  of  these 
Indicators  (7^0  mC/ml^,  18  mC/ml^,  120  mrad)  were  noted  In 
the  city  of  Grand  Junction  (Colorado,  USA),  Corresponding¬ 
ly  high  figures  of  290  mC/mi^,  24  mC/mi^  and  15  mrad  are 
observed  in  the  western  part  of  the  Pacific  fiwo  Jima),  A 
mlnlmxim  accumulation  of  fission  products,  Sr90,  and  of 
gamma -radiation  doses  are  noted  in  the  city  of  Lagos, 

Nigeria  --  33  mC/iid.2,  1.9  mC/ml^  and  46  mrad,  respectively. 

In  the  majority  of  regions  of  the  earth's  surface  the  fall¬ 
out  of  a  total  amount  of  fission  products  is  characterized 
by  a  high  degree  of  zonal  uniformity.  The  regions  of  the  / 
terrestrial  globe  where  these  figures  fluctuate  as  much  as  L 
50  percent  are  an  exception. 

Upon  comparing  the  data  of  accumulation  of  fission 
fragments  on  1  January  1956  with  the  data  of  the  same  authors 
for  1  January  1955  for  the  United  States,  one  can  note  that 
the  index  figures  increased  several  times  for  1  January 
1956.  While  the  maximum  accumulation  of  fission  products 
In  certain  regions  was  equal  on  1  January  1956  to  740  mC/mi^, 

¥: 

-mi^  means  a  square  mile 
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r»n  1  January  1955  It  was  120  mC/ml^.  miniraura  figures 

47  ana  /3 

of  cases  the  accumulation  of  fission  fragments  for  l  January 
1956  $s  expressed  in  hundred  mC/ml  ,  while  for  1  January 
1955  It  is  expressed  in  tens  mC/ml  , 

aac»uX?t?or!n  »^=oL?aerably 

the  intensity^  ^Science, "  % 

the  contamination  of  earth's  surface  with  ^  eive  mC/ml2 

in  1953-54  the  Sr90  contamination  constituted  five  mC/mi, 

iS  1^4-55  nine  mC/ml2,  m  1955-56  -  I8  mC/mi2,  and  in  1956- 

““  ^AccorSng  to  the  report  of  the  Atomic  Energy  Com¬ 
mission  of  the  United  States,  during  ^5fv2^?trontlum”in- 
the  amount  of  precipitation  of  Radioactive  strontlm 
creased  by  50  percent.  In  the  beginning  of  1957  tne  general 
level  of  Sr90  contamination  constituted  in 
11  2  mCAiii^.  In  December  1957  'the  total  quantity  of  pre 
cipitated  Sr90  m  this  area  constituted  mC/to  . 

OJhe  determination  of  the  average  daily  ^  p 

the  fall-out  of  radioactive  precipitates 
Shvedov  and  associates  from  1954  1?58  also  |onf^s  the 

continuous  increase  of  activity.  .^^.^954  the  averag 

Wii  2s'^^h4d  g4»r%“Su?ta''- 

in^Chllton  and  Mllford-Haven  (Great 

ouf  pSc?;"  within  large  llgts;  however  very 

high  activities  are  observed  comparatively  rarely  \ 

The  highest  dally  activity,  equal  d^ing 

?a?n  fivfWs  after  atomic  tests  in  Nevada  ^  the 
Qf»  10151.  The  greatest  activity  of  precipitates 
24  hours  following  an  explosion 

consituted  in  Chilton  25  mC/mi^  and  in  Milford  Haven 
100  of  radioactive  dust  fall-out  in  the 

Leningrad  area,  according  to  data  by  M^  between 

l*.9fl0-9  mC/mi^.  The  maximum  activity  was  observed  in 
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September.  The  radioactivity  of  the  snow  layer,  character¬ 
ized  by  the  Intensity  of  radioactive  dust  precipitation,  ac 
cording  to  the  data  of  V.  Z.  Yas'kova  in  Leningrad  fluctu¬ 
ated  during  a  three -month  period  between  0*3*10"^  to 
10.2.10-9  mC/mi2* 

Dally  precipitations  of  radioactive  substances 
observed  in  Chilton  and  Milford  Haven  between 
Feb.  1951  and  Dec.  195o. 


of  precipitates 
(mc/mi2 ) 

Chilton 

Mllfora 

Haven 

5-25 

83 

76 

26-50 

9 

5 

51-100 

3 

1 

101-150 

3 

151-200 

1 

201-250 

X 

In  certain  regions  of  the  earth  the  level  of  radio¬ 
active  contaminations  may  reach  comparatively  small  figures 
as  compared  to  the  natural  level  of  radioactivity  of  the 

atmospheric  air,  r,.,<50 

According  to  the  data  of  Japanese  authors,  the  sr^ 

concentration  in  the  atmospheric  air  was  at  the  level  of 
0.29  —  1.06. 10-17  C/L.  ,  ^4. 

The  atmospheric  content  of  Sr90  the  approximate 
altitude  of  7000  meters  constituted  on  the  average  ^  . 

1. 8 » 10-17  C/L,  with  fluctuations  from  0.26  to  7.8*  10*”^;'  C/L. 
At  the  altitude  of  5000  m,the  average  concentration  of  Sr^ 
was  at  the  level  of  1*10-17  C/L,  1.  e.,  less  than  at  the 
7000  m  altitude.  The  Sr90  concentration  at  the  groimd  air 
layers  was  noticeably  lower  than  at  high  „“r- 

0,063.10-17  c/L.  The  average  annual  rate  of  Sr-^  fall-out 
in  1957  was  at  the  level  of  2.8  mC/km2  per  year  (B.V.  Kur¬ 
chatov,  etc.),  ^4..  4 

Studies  of  radioactive  dust  concentration  in  the 
ground  layers  of  air,  conducted  in  Harwell  (Great  Britain) 
since  1951  for  a  period  of  seven  years,  showed  wat  the 
average  level  of  radioactivity  from  nuclear  explosions  in 
Great  Britain  constituted  about  one  percent  of  the  natural 

^  ^he  problem  of  local  contamination  of  the  atmospheric 
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SSif  SooXl^t^the'data  In  foreign  literature 
the  Brookhaveh  uraniuih-graphlte  reactor  where 
Sr  is  used  as  a  cooler,  expels  through  the  exhaust  tube 

into  the  atmosphere  diirlng  its  normal  other 

oer  day.  When  the  fuel  element  is  damaged,  xenon  and 
gaseous  fission  products  are  detected  in  the  expelled 

(M.  various  kinds  of  damage  and  hreakdowmof 

actors,  a  massive  ejection  of  radioactive  substances  into 
the  atmospheric  air  may  occur.  Thus,  for  ©sample, 

the  breakdown  of  a  reactor  in  a  plutonium  plant  i^^Wlnd 

scale  on  10  October  1957,  20,000  CJ  ^22ntlv  and 

8o  C  Sro9  and  9  C  Sr 90  were  ejected.  Apparently  J 
CsT37  predominated  in  the  ejected  material.  This  rea 

was  »^;°°°^®^4tar<ler  graphite  was  used;  the  fuel  was  natur¬ 
al  uranium.  The  cooled  air  was  propelled  through  J®" 

StoS^Tkns  of  powerful  gas  blowers  S"mJS?s  hLh 
to  the  atmosphere  through  an  exhaust  tube  122  meters  higb, 

provided  with  a  filter  at  its  upper  part.  -  . 

Following  the  ejection,  a  thorough 
radioactivity  was  done  in  the  entire  area.  A  ^^^i  oi 
12,000  samples  were  taken  in  the  explosion  area  a  » 
samples  were  taken  in  the  adjacent  area. 

explosion  area  showed  considerable  1957, 

radioactivity  levels.  During  the  night  October  xypr, 

the  level  of  beta-activity  of  the  air  was  of  the 
2  3.10-11  c/L  order  with  a  maximum  up  to  0‘5*10  ^  c/L. 

The  ave^a^e  level  of  air  contamination  was  0.5 ‘10/-^  C/L 
SiLni^lcdnSfold  the  llmlnally  P®™if 

Inatlon  level  of  working  premises,  *°p®?eotlOT 

nf  the  International  Commission  for  rrorecT/ion 

?2:;?fcnoac?ivrRSil???n.  The  highest  figure  determined 
ir  thS  adlacSt  area  during  the  night  of  10  October  was 
2,V.10“11  c/L  at  a  distance  of  about  3,2  to  from  ^e  plan  . 
Generally,  the  contamination  levels  were  lower.  ^®1^  .. 
Sriat4r,  on  11  October  the  contamination  levels  in  the 
explosion  area  and  beyond  decreased  rapidly  (Dunster, 

Howells^and  ^pletonK  with  radioactive  Iodine  did 

not  rep®sert  a  wSt  danger  to  the  P°P®lf  J;®"*  ’ 

the  radioactivity  of  the  milk  of  the  cattle 
grass  on  which  radioactive  iodine  had 

dangerous  proportions.  For  this  reason,  the  milk  fro^ 

farms  situated  around  Wlndscale  system  for 

to  be  poured  into  the  sea  through  the  drainage  system  lor 

a  certain  period  of  time. 
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At  a  Hanford  plant,  where  U^38  and  Pu239  are  separ¬ 
ated,  the  following  radioactive  elements  are  ejected  into 
the  atmospheric  silr;  iodine,  strontium,  yttrliira,  niobium, 
ruthenium,  deslum,  and  cerium.  The  operations  of  block 
diffusion  are  temporarily  stopped  during  unfavorable 
meteorological  conditions  because  excessive  precipitation 
of  these  elements  may  threaten  the  health  of  the  populat¬ 
ion.  As  a  result  of  determination  of  the  radioactivity  of 
vegetation  growing  aroimd  the  production  area,  it  was  found 
necessary  to  erect  in  Hanford  a  special  installation  to 
purify  the  waste  material,  in  order  to  extract,  as  much  as 
possible,  the  radioactive  substances  prior  to  their  absorpt¬ 
ion  by  the  air  and  subsequent  ejection  into  the  atmosphere 
through  the  exhaustion  tube. 

The  danger  of  contamination  of  the  air  and  of  the 
adjacent  localities,  especially  after  a  breakdown  in  local 
atomic  enterprises,  is  now  taken  into  account  in  planning 
and  allocating  new  construction  of  atomic  plants  and  power 
stations . 

In  planning  the  l80,000  kv  Dresden  atomic  power 
station  an  area  of  385  hectares  was  set  aside  in  the  north- 
em  part  of  th6  state  of  Illinois  (USA) «  The  area  and  the 
water  cooling  system  meet  the  requirements  for  a  regular 
power  station  of  over  one  million  kv.  It  is  situated  in 
an  agricultural  region  at  22  km  distance  southwest  of 
Joliet,  the  nearest  large  center  with  a  population  of  50,000, 
and  80  km  southwest  of  Chicago  with  a  population  of  3.7  mH- 


The  New  York  atomic  power  station  of  l40,000  kv  will 
occupy  an  area  of  approximately  l40  hectares  situated  40  km 
north  of  Nevr  York  on  the  eastern  shore  of  the  Hudson.  This 
section  is  poorly  populated,  as  compared  to  the  high  den- 
slt’'’’  of  the  Greater  New  York  area  as  a  whole.  There  are 
no  residential  buildings  or  industrial  enterprises  in  a 
400  m  radius,  only  I6  one -family  houses  in  a  800  m  radius, 
and  no  industrial  enterprises.  There  are  only  about 
45,000  people  living  within  eight  km. 

TliO  atomic  power  station  "Enrico  Fermi  ,  of  156,000 
kv  power,  will  be  constructed  on  an  area  of  370  hectares, 
within  approximately  50  km  southwest  of  Detroit,  in  Laguna 
Big  (Michigan  state)  on  the  western  shore  of  Lake  Erie. 
Twelve  km  north  from  this  area  is  the  city  of  Monroe,  popu¬ 
lation  20,000,  and  within  eight  km  radius  are  four  resort 
villages  with  a  peimianent  population  of  less  than  2,000 
which  is  approximately  doubled  during  the  summer  vacation 
period.  The  population  in  the  vicinity  is  distributed  as 
follows:  at  a  radius  of  1,  6,  8,  I6,  and  32  km  there  ^e 
175,  1,800,  31,300,  and  187,000  residents,  respectively. 
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To  protect  the  population  from  radioactive  gases  and 
aerosols,  their  waste  is  usually  disposed  of  through  a  high 
exhaust  tube  so  as  to  reduce  the  radioactivity  concentrat¬ 
ion  by  diluting  with  air. 

The  dilution  of  radioactive  gases  is  intensified  by 
blasting  pure  air  into  the  chimney  by  means  of  ventilators, 
as  weil  as  through  artificially  beating  the  gases  to  reduce 
their  density.  The  latter,  so  to  speak,  increases  the 
height  of  the  exhaust  tube.  However,  the  dilution  of  radio¬ 
active  substances  by  means  of  ejection  of  gases  through  the 
exhaust  tube  does  not  remove  the  possibility  of  slow  ac¬ 
cumulation  of  radioactivity  in  the  surrounding  area  which 
results  from  the  precipitation  of  the  particles.  The  heat 
inversion,  descending  currents,  and  certain  wind  directions 
may,  under  certain  conditions,  cause  precipitation  of  large 
quantities  of  these  particles  even  in  artificially  diluted 
activity.  High  chimneys  serve  only  to  pulverize  radio¬ 
activity,  but  do  not  eliminate  or  reduce  it. 

The  method  of  dilution  of  radioactivity  is  most  ef¬ 
fective  with  short-life  substances.  Here  the  problem  con¬ 
sists  only  in  maintaining  a  low  concentration  until  the 
complete  disintegration  takes  place.  It  is  thought  that 
expulsion  of  radioactive  gases  through  the  smoke  chimney 
considerably  reduces  concentration.  But  by  this  route  the 
radioactivity  may  be  concentrated  by  vegetation  which  ab¬ 
sorb  radioactive  substances  well. 

The  height  of  expulsion  fluctuates  between  the  limits 
of  30  to  150  meters,  depending  on  a  concrete  case;  in  British 
atomic  installations  it  usually  reaches  100  meters. 

Parker  notes  four  factors  which  affect  the  distri¬ 
bution  of  radioactive  substances  in  the  vicinity  of  a  plant 
which  processes  hlgh-actlvlty  elements:  the  rate  of  waste 
removal,  the  height  of  the  chimney,  metereologlcal  condit¬ 
ions,  and  the  topography  of  the  locality.  The  height  of 
the  chimney  is  of  importance  only  in  the  zone  immediately 
adjacent  to  the  plant.  In  this  zone  the  figure  of  maximum 
concentration  of  contaminated  material  on  the  earth's  sur¬ 
face  is  approximately  in  inverse  proportion  to  the  square 
root  of  the  height  of  the  chimney.  In  Instances  of  average 
chimney  heights  of  60  to  100  meters,  the  contaminations  will 
be  very  insignificant  at  distances  exceeding  five  km  from 
the  base  of  the  chimney.  The  metereologlcal  factors  are 
divided  by  the  author  approximately  into  three  groups,  de¬ 
pending  on  the  gradient  of  temperature,  height,  and  veloc¬ 
ity  of  air  movement. 

The  character  of  radioactive  waste  expulsion  determines 
the  use  of  various  purifying  devices.  In  the  United  States 
three  types  of  liquid  scrubbers  are  used  to  collect  radio- 
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active  duat  S.  Brelove).  In  the  Piz-Antoni  scrubber, 
water  drops  ire  employed  In  collecting  hard  dust  particles. 
Scrubbers  of  Mis  type  are  unsuitable  for  collecting  dust 
particles  of  less  than  one  micron  due  to  the  property  of 
sniall  particles  to  flow  over  the  water  drops  together  with 
the  air  cvirrent.  Such  scrubbers  are  not  used  independently 
but  as  a  basic  part  of  a  complex  air-purifying  installat¬ 
ion.;  In  the  Venturi  scrubber,  gas  passes  with  great  velo¬ 
city  through  the  vent  and  pulverizes  water.  As  the  result 
of  whirlpools  formed  in  the  vent,  gas  is  mixed  with  the 
water  spray,  thus  increasing  the  number  of  probable  col¬ 
lisions  of  dust  particles  with  the  drops  of  water.  Then, 
the  water  spray  is  precipitated  in  a  cyclone  ^ust  ex¬ 
tracted,  The  effectiveness  of  this  device  about  90  to 
98  percent.  In  the  Peabody  scrubber  with  perforated 
plates  and  mounted  vapor  injectors  the  effectlvness  reaches 
99.99  percent.  The  cyclones  are  employed  as  preliminary 
filters  (Brelove), 

The  highly  effective  asbestos-cellulose  filter  has 
found  wide  distribution  in  the  United  States.  Of  other 
filtering  substances,  mineral  filters  can  be  mentioned: 
the  glass  cotton  of  1.5  and  0.5  micron  fiber  thickness  and 
the  Bolivian  blue  asbestos.  Of  the  heat-resistant  filters, 
flbra-flax  consists  of  50  percent  AI2O3  and  50  percent 
SlOg.  Of  this  material  a  filter  was  made  which  can  with¬ 
stand  a  1000®  temperature. 

All  these  purifying  devices  require  deactivation 
of  precipitates  accumulated  in  them  for  which  a  distance 
removal  of  accumulated  radioactivities  is  arranged  with  a 
corresponding  protection  of  the  personnel. 

Thus,  the  problem  of  air  contamination  with  radio¬ 
active  substances  acquires  at  present  a  constantly  increas¬ 
ing  Importance,  In  this  connection,  hygienists,  physicists, 
and  radiochemists  face  important  tasks  of  discovering  the 
rules  of  the  diffusion  of  radioactive  substances  in  the  at¬ 
mosphere,  the  study  of  the  degree  of  toxicity  of  radio¬ 
active  contaminations  to  the  population,  and  the  develop¬ 
ment  of  preventive  measures  of  combatting  these  contamina¬ 
tions  . 
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